Background-Although chest compression-only cardiopulmonary resuscitation (CPR) is effective for adult out-ofhospital cardiac arrest (OHCA) of cardiac origin, it remains uncertain whether bystander-initiated rescue breathing has an incremental benefit for OHCA of noncardiac origin. Methods and Results-A nationwide, prospective, population-based, observational study covering the whole population of Japan and involving consecutive OHCA patients with emergency responder resuscitation attempts was conducted from January 2005 through December 2007. The primary outcome was neurologically intact 1-month survival. Multiple logistic regression analysis was used to assess the contribution of bystander-initiated CPR to better neurological outcomes. Among a total of 43 246 bystander-witnessed OHCAs of noncardiac origin, 8878 (20.5%) received chest compression-only CPR, and 7474 (17.3%) received conventional CPR with rescue breathing. The conventional CPR group (1.8%) had a higher rate of better neurological outcome than both the no CPR group (1.4%; odds ratio, 1.58; 95% confidence interval, 1.28 to 1.96) and the compression-only CPR group (1.5%; odds ratio, 1.32; 95% confidence interval, 1.03 to 1.69). However, the compression-only CPR group did not produce better neurological outcome than the no CPR group (odds ratio, 1.19; 95% confidence interval, 0.96 to 1.47). The number of OHCAs needed to treat with conventional CPR versus compression-only CPR to save a life with favorable neurological outcome after OHCA was 290. Conclusions-This nationwide observational study indicates that rescue breathing has an incremental benefit for OHCAs of noncardiac origin, but the impact on the overall survival after OHCA was small. (Circulation. 2010;122:293-299.)
S
urvival after out-of hospital cardiac arrest (OHCA) of noncardiac origin is generally poor. [1] [2] [3] [4] [5] [6] Although bystanderinitiated cardiopulmonary resuscitation (CPR) plays a key role in saving OHCA victims in the chain of survival, the prevalence of bystander CPR is still low. 1 
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Many studies have shown that chest compression-only CPR is as effective as conventional CPR with rescue breathing for bystander-witnessed adult OHCA of cardiac origin. [7] [8] [9] [10] Currently, it is recommended that laypersons who witness sudden adult collapse should provide continuous chest compressions without mouth-to-mouth ventilation. 11 It is reported that 20% to 40% of adult OHCAs are of noncardiac origin, most of which involve respiratory compromise such as drowning or asphyxia. [1] [2] [3] [4] [5] [6] However, evidence of the effectiveness of bystander CPR for patients suffering OHCAs of noncardiac origin is scarce, 11, 12 and it remains unclear whether the addition of bystanderinitiated rescue breathing would be needed in such cases.
The Fire and Disaster Management Agency (FDMA) of Japan launched a prospective, nationwide, population-based cohort study of OHCA victims in January 2005 and collected Ϸ43 000 bystander-witnessed OHCAs of noncardiac origin. Using this extensive database, we tested the hypothesis that bystander-initiated conventional CPR including chest compressions and rescue breathing would result in better outcomes after OHCAs of noncardiac origin compared with either no CPR or compression-only CPR.
Methods

Study Design and Setting
The All-Japan Utstein registry of the FDMA is a large-scale, prospective, population-based registry of OHCA covering all of Japan. 13, 14 This cohort enrolled all patients who suffered OHCA, were treated by emergency medical service (EMS) systems, and were transported to medical institutions from January 1, 2005, through December 31, 2007. Among them, patients with OHCAs of noncardiac origin who were Ն18 years of age whose collapse was witnessed by bystanders were eligible for this study. The implementation working group for All-Japan Utstein registry of the FDMA designed the study protocol; the FDMA collected and managed the data; and the authors analyzed the data and wrote the manuscript. The protocol for analyses was approved by the Ethics Committee of the Kyoto University Graduate School of Medicine.
Cardiac arrest was defined as the cessation of cardiac mechanical activity as confirmed by the absence of signs of circulation. 13, 14 The arrests were classified into those of presumed cardiac and noncardiac origin, the latter resulting from external causes such as trauma, hanging, drowning, drug overdose, asphyxia, respiratory diseases, cerebrovascular diseases, malignant tumors, and any other noncardiac causes. These diagnoses were made by the physician in charge in collaboration with the EMS providers.
EMS Systems in Japan
Japan has an area of Ϸ378 000 km 2 , including both urban and rural communities, and its population was Ϸ127 million in 2005. 15 There were 807 fire stations with a dispatch center in 2007. EMS is provided by the municipal governments. The free telephone emergency number 1-1-9 is used to call for ambulance from anywhere in Japan. Life support is provided 24 hours a day by the local EMS system. When called, an ambulance is dispatched from the nearest fire station. Usually, each ambulance has a crew of 3 emergency providers, including at least 1 emergency life-saving technician, a highly trained prehospital emergency care provider. Emergency life-saving technicians are allowed to insert an intravenous line and an adjunct airway and to use semiautomated external defibrillators for OHCA patients. Specially trained emergency life-saving technicians were also given permission to insert tracheal tubes in July 2004 and to administer intravenous epinephrine in April 2006. Physicianstaffed ambulances and heliambulances are available in only a few areas. Citizen use of an automated external defibrillator has been legally permitted since July 2004 in Japan. All EMS providers performed CPR according to the Japanese CPR guideline based on the 2000 American Heart Association guideline until September 2006 and the 2005 AHA guideline thereafter. 1,16 Do-not-resuscitate orders or living wills are generally not accepted in Japan, and EMS providers are not permitted to terminate resuscitation in the field. Therefore, most patients with OHCA who were treated by EMS personnel were transported to hospital and were registered in this cohort, excluding cases of decapitation, incineration, decomposition, rigor mortis, or dependent cyanosis.
CPR Training for the General Public
Systemic CPR training for citizens has been offered mainly by each local fire department. In Japan, Ϸ1.4 million citizens per year participated in the systemic CPR training, which consisted of conventional CPR including chest compressions, mouth-to-mouth ventilation, and automated external defibrillator use. 17 Compressiononly CPR was not taught in any resuscitation training program in Japan during the study period. The emergency telephone dispatchers in Japan are basically trained and ordered to give CPR instructions with conventional CPR before EMS arrival. However, it is permitted to encourage bystanders to provide chest compression-only CPR if it is difficult for them to administer rescue breathing.
Data Collection and Quality Control
Data were prospectively collected with a data form based on the Utstein-style reporting guidelines for OHCA such as gender, age, origin (cardiac or noncardiac [external causes, respiratory diseases, cerebrovascular disease, malignant tumors, or other]), type of bystander witness (none, family members, or other), initial cardiac rhythm (ventricular fibrillation [VF] , including ventricular tachycardia, pulseless electric activity, or asystole), time course of resuscitation, type of bystanderinitiated CPR (none, chest compression only, or conventional), type of advanced airway management (none, laryngeal mask airway, esophageal obturator airway, or endotracheal intubation), and intravenous fluid and epinephrine (none, administered), as well as return of spontaneous circulation before hospital arrival, 1-month survival, and neurological status 1 month after the event. A series of EMS times of call receipt, vehicle arrival at the scene, contact with patients, initiation of CPR, defibrillation by EMS, and hospital arrival were recorded based on the clock used by each EMS system. The initiation and type of bystander CPR were obtained by EMS interview with the bystanders before leaving the scene.
All survivors were followed up for up to 1 month after the event by the EMS personnel in charge. Neurological outcome was determined by follow-up interviews 1 month after successful resuscitation with the cerebral performance category scale: category 1, good cerebral performance; category 2, moderate cerebral disability; category 3, severe cerebral disability; category 4, coma or vegetative state; and category 5, death. 13, 14 The data form was filled out by the EMS personnel in cooperation with the physicians in charge of the patient and registered in the computer-based registry system. All data were integrated into the FDMA Web-based database server and then checked by the computer logic and the steering committee. If the data were incomplete, FDMA returned them to the respective fire station, and the data were completed.
Statistical Analyses
The primary outcome measure was neurologically intact 1-month survival, which was defined as cerebral performance category 1 or 2. 13, 14 Secondary outcome measures included return of spontaneous circulation before hospital arrival and 1-month survival. Outcomes of bystander-witnessed OHCAs of noncardiac origin were compared by the type of bystander-initiated CPR. Both bystander-initiated compression-only CPR and conventional CPR with rescue breathing were considered to be bystander CPR, whereas unknown type of bystander-initiated CPR was not. In addition, the effect of each type of bystander-initiated CPR was evaluated after patients were divided into 2 groups, those whose time interval from collapse to the initiation of EMS CPR was 0 to 15 minutes and those whose interval was Ͼ15 minutes, because the addition of rescue breathing might have benefit for a long duration of cardiac arrest. 9, 10, 18, 19 Patient characteristics and outcomes by type of bystander-initiated CPR were evaluated with ANOVA for numeric variables and 2 test for categorical variables. The age-adjusted annual incidence of OHCAs was calculated by direct methods using 2005 census data and 1985 Japanese model population. 15, 20 Multivariable analysis was used to assess the contribution of bystander-initiated CPR to better neurological outcome; odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated. Potential confounding factors that were biologically essential and considered to be associated with outcomes were included in the multivariable analysis. These variables included gender, age, origin, type of bystander witness, first recorded rhythm, type of advanced airway management, epinephrine, intravenous fluid, time interval from collapse to CPR by EMS, and time interval from collapse to hospital arrival. The number of OHCAs needed to treat to save a life with favorable neurological outcome after OHCA was also calculated. All statistical analyses were performed with the SPSS statistical package version 16.0J (SPSS, Inc, Chicago, Ill). All tests were 2 tailed, and a value of PϽ0.05 was considered statistically significant.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
The Figure shows an overview of OHCAs. During these 3 years, 312 319 adult OHCAs were documented. Of 307 819 attempted resuscitations, 139 077 (45.2%) were of noncardiac origin. The age-adjusted annual incidence of OHCAs with noncardiac origin throughout Japan during the study period was 30.6 per 100 000 person-years, of which 13.6 were external causes, 3.5 were respiratory diseases, 3.2 were cerebrovascular diseases, 2.0 were malignant tumors, and 8. Demographic characteristics of study patients by type of bystander CPR are given in Table 1 . The mean age and male-to-female ratio were higher in the no CPR group than in either the compression-only CPR or the conventional CPR group. External causes accounted for Ϸ40% of cases regardless of the type of bystander CPR. Patients in both the compression-only and conventional CPR groups were slightly more likely to have VF as initial rhythm than those in the no CPR group. Both CPR groups were also more likely to receive advanced life support measures such as epinephrine use, tracheal intubation, and intravenous fluid than the no CPR group. The duration from collapse to EMS maneuvers was longer in both the compression-only and conventional CPR groups than in no CPR group. Table 2 shows the outcomes of bystander-witnessed OHCA of noncardiac origin by type of bystander-initiated CPR. The conventional CPR group (1.8%) had a higher rate of neurologically intact 1-month survival than the no CPR group (1.4%; adjusted OR, 1.58; 95% CI, 1.28 to 1.96), but the compression-only CPR group (1.5%) had a survival similar to that of the no CPR group (adjusted OR, 1.19; 95% CI, 0.96 to 1.47). Conventional CPR produced better neurological outcome even referring to chest compression-only CPR (adjusted OR, 1.32; 95% CI, 1.03 to 1.69). As for return of spontaneous circulation before hospital arrival (11.2% versus 8.8%; adjusted OR, 1.37; 95% CI, 1.25 to 1.51) and 1-month survival (7.2% versus 5.8%; adjusted OR, 1.41; 95% CI, 1.26 to 1.58), the conventional CPR group also showed significantly better neurological outcome than the no CPR group, whereas the compression-only CPR group did not. The number of OHCAs needed to treat with conventional CPR versus compression-only CPR to save a life with favorable neurological outcome after OHCA was 290.
A time-based analysis of the effect of type of bystanderinitiated CPR is shown in Table 3 . The conventional CPR group had significantly higher rates of better neurological outcome than the no CPR group both among OHCAs of 0-to 15-minute duration (2.1% versus 1.7%; adjusted OR, 1.39; 95% CI, 1.11 to 1.75) and among Ͼ15 minutes (1.1% versus 0.4%; adjusted OR, 3.11; 95% CI, 1.75 to 5.51), although the OR was larger in the long-duration cardiac arrest. Outcome was similar between the compression-only CPR group and the no CPR group regardless of duration of cardiac arrest.
Neurologically intact 1-month survival after bystanderwitnessed OHCAs of noncardiac origin according to type of bystander CPR and origin of OHCA is shown in Table 4 . Neurologically intact 1-month survival was higher in the conventional CPR group than in the no CPR group for external causes (1.9% versus 1.4%; adjusted OR, 1.69; 95% CI, 1.18 to 2.43), cerebrovascular diseases (2.9% versus 2.1%; adjusted OR, 1.58; 95% CI, 0.97 to 2.57), and other causes (1.9% versus 1.5%; adjusted OR, 1.50; 95% CI, 1.00 to 2.25), whereas survival was similar between the compression-only CPR and no CPR groups. For OHCAs with respiratory diseases and malignant tumors, neurological outcome was dismal regardless of the type of bystander CPR.
Discussion
From this nationwide registry of OHCA, we have clearly shown that the bystander-initiated conventional CPR with rescue breathing was more effective than either compression-only CPR or no CPR for adult OHCAs of noncardiac origin regardless of the duration of arrest and that the benefit becomes larger in long-duration cardiac arrests. Preceding studies evaluating the effectiveness of type of bystander-initiated CPR for OHCAs of noncardiac origin 8, 10, 21, 22 failed to assess the associations between outcomes and the CPR groups among OHCAs of noncardiac origin because of a lack of statistical power. Unlike these earlier studies, our study was large enough to allow evaluation of the differences in outcomes between the each type of bystanderinitiated CPR among OHCAs of noncardiac origin.
Although this study suggests that conventional CPR with rescue breathing is a better approach for OHCAs of noncardiac origin, the absolute survival is very low regardless of type of CPR among this group, and the number of OHCAs needed to treat with conventional CPR versus compressiononly CPR to save a life with favorable neurological outcome after OHCAs of noncardiac origin was large. Even among the Ͼ43 000 witnessed OHCAs of noncardiac origin over 3 years in an entire large country, Ͻ10 additional patients survived with better neurological outcome after conventional CPR compared with compression-only CPR. Therefore, the impact of rescue breathing on the overall survival after OHCAs of noncardiac origin was small. Further efforts, including advanced life support techniques and cause-specific treatments, are needed to increase survival after OHCAs of noncardiac origin.
Many previous clinical studies have shown the effectiveness of chest compression-only CPR for OHCAs of cardiac origin, [7] [8] [9] [10] and compression-only CPR is recommended primarily for adult witnessed sudden collapse of cardiac origin. 11 Although 20% to 40% of adult OHCAs are considered to be of noncardiac origin, [1] [2] [3] [4] [5] [6] little is known about the difference in the effectiveness of the 2 types of bystander CPR between cardiac and noncardiac OHCAs. 11, 12 Our study results could affect the approach used for cardiac arrests of presumed noncardiac causes.
Why does rescue breathing have an incremental benefit for OHCAs of noncardiac origin? Most cardiac arrests of noncardiac origin are due to respiratory causes such as drowning and asphyxia. [1] [2] [3] [4] [5] [6] Some animal studies showed that conventional CPR was more effective than compression-only CPR for outcomes after cardiac arrests of the asphyxia model. 23, 24 In asphyxia, oxygen consumption with carbon dioxide and lactate production continues for several minutes after respiratory arrest before cardiac arrest and depletes the pulmonary oxygen reservoir. Therefore, asphyxia results in hypoxemia and acidemia at the time of cardiac arrest, and rescue breathing would be of considerable help under those conditions.
In our study, conventional CPR improved survival after OHCA from external causes, most of which involve respiratory compromise. Our findings were also consistent with the inference made from animal models. Cardiac arrest resulting from cerebrovascular diseases might also follow respiratory arrest because of damage to the respiratory center in the brainstem. [25] [26] [27] Therefore, rescue breathing would increase survival after cardiac arrests from cerebrovascular diseases in the same way.
In this study, the frequency of initial VF among OHCAs of noncardiac origin was very low (4.1%). Preceding studies have also shown lower frequency of VF (range, 5.0% to 11.2%) among OHCA with noncardiac origin 2-4 compared with cardiac origin. 5, 8, 9, 28 The frequency of VF would generally decrease as the rhythm assessment by EMS was delayed. 1 Compared with the preceding studies in Japan, 8, 9 the time interval from collapse to EMS maneuvers was slightly longer in this study, and these delays might result in low frequency of initial VF. The racial difference in VF incidence observed in OHCAs of cardiac origin 29, 30 might be another possible explanation. Because of this low frequency of VF among OHCAs of noncardiac origin and high survival after OHCA of cardiac origin in Japan, 31, 32 the low survival after OHCAs of noncardiac origin shown in this study would not be associated with the EMS system in this area but with the origins of the OHCAs.
Our study suggests the need for a systemic approach to CPR training. On the basis of our new data suggesting the incremental benefit of rescue breathing, we recommend that conventional CPR, which includes rescue breathing, should continue to be the standard for OHCAs from presumed noncardiac causes. However, considering that (1) the incremental benefit of rescue breathing for the overall survival is small, (2) the main target patients who can derive benefits from bystander CPR with or without automated external defibrillator shock are those who experience OHCAs of cardiac origin, and (3) bystander CPR is seldom provided, 1,7-9,11 compression-only CPR training should be primarily disseminated as the AHA has recommended. 11 This leads us to support a 2-pronged CPR training strategy: compression-only CPR training for most people 11, 33 and conventional CPR (chest compression and rescue breathing) for individuals most likely to witness cardiac arrests with presumed noncardiac causes such as medical professionals and lifeguards. 34 
Limitations
First, this observational study lacks data on the quality of bystander CPR, and type of bystander CPR administered was not randomized. Laypersons who provide rescue breathing might be better trained and provide more effective chest compressions. Although this study indicates the effectiveness of additional rescue breathing, we cannot explicitly exclude these potential biases. Second, we did not obtain details on OHCA origin. Further detailed information about the quality of bystander CPR and the origin of OHCA would strengthen the evidence for the effectiveness of bystander-initiated CPR. Third, the category of presumed cardiac or noncardiac causes is made clinically, as per the Utstein-style international guidelines for cardiac arrest data reporting. 13, 14 Fourth, information on postarrest care is lacking. In-hospital treatment (eg, hypothermia) might affect survival after OHCA. 35 Fifth, information is lacking on laypersons' socioeconomic status, including education level or type of employment, which might affect CPR performance. Sixth, as with all epidemiological studies, data integrity, validity, and ascertainment bias are potential limitations. The use of uniform data collection based on the Utsteinstyle guidelines for reporting cardiac arrest, the large sample size, and a population-based design to cover all known adult OHCAs in Japan minimizes these potential sources of biases.
Conclusion
This nationwide population-based observational study indicates that conventional CPR with chest compressions and rescue breathing had an incremental benefit for improving survival after OHCA of noncardiac origin, but the impact on the overall survival after OHCA was small.
